Objectives: After subtotal colectomy, 40% of patients report chronic gastrointestinal symptoms and poor quality of life. Its etiology is unknown. We determined whether small intestinal bacterial overgrowth (SIBO) or small intestinal fungal overgrowth (SIFO) cause gastrointestinal symptoms after colectomy.
Introduction
Colectomy is a common surgical procedure with an annual estimate of 235,000 procedures in the U.S.A 1 . It is performed for a variety of indications and can be lifesaving. However, up to 40% of patients undergoing subtotal colectomy report persistent gastrointestinal symptoms including gas, bloating, distension, pain and diarrhea 2 . A majority of these patients also report an impaired quality of life. The pathoetiology of these symptoms is unknown.
In a recent study, Singh et al., reported that 7/15 patients (47%) with severe slow-transit constipation and underlying neuropathy, and who underwent colectomy with ileorectal anastomosis, developed new onset of significant bloating, distension and flatulence 3 . Further testing revealed that all of these patients had SIBO and they responded to antibiotics. This observation suggested that colectomy may predispose patients to SIBO, but this concept has not been systematically assessed.
Small intestinal bacterial overgrowth (SIBO) or small intestinal fungal overgrowth (SIFO) is characterized by abdominal pain, distension, bloating and diarrhea, and the presence of an excessive amount of bacteria or fungus in the small bowel [4] [5] [6] . SIBO can be identified with either breath hydrogen tests or culture of duodenal fluid [6] [7] [8] , but quantitative culture of small bowel aspirate is the only method of identifying SIFO 7 . Under normal physiological conditions several factors play a role in protecting the small intestine from bacterial colonization. These include a normal intestinal motility, especially the recurring cyclical migrating motor complex, gastric acid, mucous secretion, bile salts, and luminal immunoglobulins [8] [9] [10] [11] . The ileocecal valve also serves as an important anatomical barrier between the ileum and cecum, and not only regulates the flow of chyme but also prevents the reflux of colonic contents into the small bowel 12 . In contrast, conditions that alter the normal gastric and small bowel function, such as opioids that inhibit motility, atrophic gastritis, Parkinson's disease, diabetes, pseudo-obstruction, scleroderma, blind loop syndrome and use of PPI's and others may each predispose to SIBO 8, 13, 14 . The aim of this study was to assess the prevalence of SIBO and SIFO in a cohort of patients with chronic unexplained gastrointestinal symptoms following colectomy, and to compare this with a control group of patients with similar chronic symptoms but without previous colectomy. In addition, we assessed the prevalence of gastrointestinal symptoms in these patients at baseline and after treatment.
Methods

Patients
Consecutive adult patients who were referred to a specialist motility center over three years with unexplained chronic (>1 year) gastrointestinal symptoms such as gas, bloating, belching, diarrhea, and abdominal discomfort, and with a history of colectomy were evaluated. The control group consisted of patients with similar longstanding complaints of gas, bloating, pain and diarrhea but without colectomy, and any other gastrointestinal problems. Because of the overlapping nature of both upper and lower gastrointestinal symptoms and the presence of colectomy in one of our groups, they did not meet any of the Rome criteria for functional GI disorders. Patients were included if they had normal upper endoscopy, colonoscopy (except post-colectomy changes and intact anastomosis), computerized abdominal tomography scan, and normal hematology, biochemical profiles, tissue transglutaminase antibody, thyroid stimulating hormone, and normal right upper quadrant ultrasound scan. Patients with upper gut or small bowel surgery and those who were hospitalized or with serious cardiac, pulmonary, or neurologic comorbidities or with known intestinal obstruction or motility disorders such as scleroderma or pseudo-obstruction were excluded. All patients underwent either glucose breath test and/or duodenal aspirate with culture. In addition, they filled out a validated symptom questionnaire 15 . The Augusta University Medical Center Investigation Review Board approved the study, No. 659642-3 and the study was registered on clinical trials.gov-NCT03216239.
Glucose breath test
All patients were advised to consume a low carbohydrate diet for one day, avoid laxatives for one week and antibiotics for 6 weeks prior to the test. After an overnight fast, patients were asked to brush their teeth and rinse their mouth with an antiseptic mouthwash, at least 2 h before the test, to avoid false positive high basal levels from fermentation of substrate by oral bacteria. After obtaining a baseline breath sample, 75 grams of glucose dissolved in 250 ml of water was administered orally 6, 16 . Subsequently, breath samples were collected at 15-minute intervals for the next 2 h. The samples were collected in a bag (QuinTron Instrument Company, Inc., WI) and alveolar gas was analyzed for both H 2 and CH 4 levels by chromatography (QuinTron Micro Analyzer, QuinTron Instrument Company, Inc., WI). The patients were also asked to score the presence and severity of nine gastrointestinal symptoms on a visual analog scale(0-3), throughout the breath test.
Duodenal aspiration and quantitative culture
All patients were required to be free of antibiotic use for 6 weeks prior to testing. Aspiration of distal duodenal fluid was performed during an upper endoscopy. The procedure was performed under aseptic precautions to minimize contamination 7, 16 . A sterile 2 mm Liguory catheter (COOK Medical, Bloomington, IN, USA) was passed through the biopsy channel of the upper endoscope into the 3rd or 4th portions of the duodenum, followed by aspiration of 3-5 ml of duodenal fluid. Specimens were sent immediately to microbiology lab for standard aerobic, anaerobic and fungal cultures.
The duodenal aspirate specimens were plated for aerobic, anaerobic and fungal cultures. After vortexing the sample, the following agar plates were inoculated using a 0.001 calibrated loop: Blood, Chocolate, Maconkey, Columbia Naladixic Acid Agar (CAN) with blood, Anaerobe Blood, Phenyl Ethyl Alcohol (PEA), Anaerobic Remel which contains Paromycin and Vancomycin, Inhibitory Mold and Mycobiotic. They were then struck for colony count. The Blood and Chocolate agars were held at 37' in CO 2 for 5 days. Maconkey and CNA plates were held in O 2 for 48 h before being discarded. Anaerobe media was incubated under anaerobic conditions for 5 days. Fungal plates were held for 4 weeks. Gram stains were reported.
Any bacterial growth ≥1,000 CFU was identified and reported out using colony count numeration. All organisms were listed in the physician report, except in very rare cases multiple (typically >3) organisms were isolated and reported as multiple growth of aerobes or anaerobes.
Identification of organisms including yeast were generally by mass spectrophotometry (Maldi-Time of Flight). Some organisms (i.e., Neisseria sp, Gram-positive bacilli resembling Diptheroids/Coryneforms, Lactobacillus species, Streptococcus viridans group, Staphylococcus coagulase negative, Rothia sp.) were identified based on gram stain, colonial morphology, or spot tests. Wherever appropriate antibiotic susceptibility panels were performed and reported. Culture plates were held for 10 days.
Symptom questionnaire
All patients completed a validated Likert-like bowel symptom questionnaire at their initial clinic visit that assessed nine symptoms: abdominal pain, belching, bloating, fullness, indigestion, nausea, diarrhea, vomiting and gas 15, 17 . Patients were asked to rate the frequency, intensity and duration of each symptom on a 0-3 scale. Intensity: 0 = no symptoms, 1 = mild, 2 = moderate, 3 = severe symptoms. Frequency: 0 = None; 1 = Less than 1 episode/week, 2 = 1 episode/week, 3 = More than 1 episode/week. Duration: 0 = None, 1 = Less than 10 min, 2 = 10-30 min, 3 = Greater than 30 min. The total score for each symptom ranged from 0 to 9.
After establishing a diagnosis of SIBO with either GBT and/or duodenal cultures, patients were treated with appropriate antibiotics based on culture and antibiotic sensitivity, patient's allergy profile and previous antibiotic use. Patients with SIFO were treated with antifungals and those with mixed SIBO/SIFO were treated with antibiotics and antifungals. Three months later, they either attended a follow up clinic visit or were contacted over the phone and asked to complete the aforementioned symptom questionnaire, and rate their overall gastrointestinal symptoms on a VAS scale (0 = very dissatisfied, 100 = completely satisfied.)
Data analyses
Patients were adjudicated as having SIBO if the culture showed bacterial concentration of ≥10 3 CFU/mL for aerobic or anaerobic organisms 6, 8, 16, 18 . Glucose breath test was considered positive for SIBO if the following criteria were met: ≥20 PPM increase above baseline for H 2 , or ≥15 PPM increase above baseline for CH 4 , or ≥15 PPM increase above baseline for combined H 2 and CH 4 values 7, 16 . The diagnosis of SIFO was made if the duodenal culture yielded a growth of fungal organisms at a concentration of ≥10 3 CFU/ml 7, 19 .
Statistical analysis
Data are presented as mean ± SD unless otherwise stated. Continuous variables were compared using Student's t-test for parametric data or Mann-Whitney U-test for non-parametric data. Categorical variables including prevalence in subgroups were compared using chi-square with Yate's correction factor or Fisher's exact test, as appropriate. Statistics were performed using Sigmaplot v12.2 (San Jose, CA) that checks for normal distribution. A p < 0.05 was considered statistically significant.
Results
Demographics
The colectomy group comprised of 50 patients (F/M = 41/9), mean age 52.3 years (range: 20-85), and with a mean duration of symptoms of 79.9 months. The indication for colectomy was colon inertia/slow-transit constipation (40%), colorectal carcinoma/polyps (14%), diverticular disease (14%), bowel obstruction (14%), Crohn's disease (6%), and others (12%). Regarding the type of surgery, 28/50 (56%) had partial colectomy, 11/50 (22%) had subtotal colectomy and 11/50 (22%) had total colectomy. Three additional patients with colectomy were excluded because of recurrent hospitalization, small bowel surgeries and pseudo-obstruction syndromes. The control group comprised of 50 patients (F/M = 38/12) with a mean age of 49.9 years (range 18-88), and with a mean duration of symptoms of 77.6 months, and no history of bowel surgery. Two additional patients in the control group were excluded because of scleroderma, and bariatric surgery with blind loop syndrome. There were no differences in the demographic features between the two groups.
Symptom patterns
Patients with colectomy reported significantly higher severity of diarrhea (4.63 vs 2.98; p = 0.029), vomiting (2.54 vs 0.30; p < 0.001) and abdominal pain (7.25 vs 6.18; p = 0.05) compared to those without colectomy at baseline. Other gastrointestinal symptoms were not significantly different between the two groups, although their severity was generally higher in the colectomy group (Table 1) .
Glucose breath test
In the colectomy group, 48/50 patients underwent glucose breath testing and the remaining 2 subjects had duodenal aspiration alone. Of these, 21/48 (43.8%) tested positive for SIBO. Likewise, in the control group, 48/50 patients underwent glucose breath testing, and 2 had duodenal aspiration alone. Of these, 5/48 (10.4%) patients without colectomy tested positive for SIBO.
Duodenal aspirate/culture
In the colectomy group, 35 patients had duodenal aspirates performed, of whom 20/35 (57.1%) had SIBO. In the control group, 32 patients had duodenal aspirates of whom 12/32 (37.5%) had SIBO. In the colectomy group, 14/20 (70%) patients had >10
3 CFU/mL and 6/20 (30%) patients had >10
5 CFU/mL. In the control group, 10/12 (83%) patients had >10
3 CFU/mL and 2/12 (17%) patients had >10
5 CFU/mL. There was no difference (p = 0.8) between groups. Duodenal cultures grew a variety of organisms that are summarized in Table 2 . There was significantly greater (p = 0.008) prevalence of aerobic organisms (45% vs 17%) including primarily Streptococcus species, Escherichia coli, Klebsiella pneumoniae in patients with colectomy compared to controls. With regards to the anaerobic organisms, the prevalence was 40% vs 58%, and with regards to mixed aerobic and anaerobic organisms, the prevalence was lower in the colectomy group at 15% vs 25%, when compared to the control group, (p = 0.008; Fig. 1 ).
Prevalence of SIBO/SIFO
The overall prevalence of SIBO (positive GBT or positive duodenal aspirate) was significantly higher (p = 0.005) in the colectomy group when compared to controls (62% vs 32%; Fig. 2) . Table 3 summarizes our data on the prevalence of SIBO based on GBT, duodenal cultures or both. In addition, in the colectomy group 12/50 (24%) had SIBO and SIFO compared to 4/50 (8%) in those without colectomy (p = 0.017). The overall prevalence of SIFO was also higher in the colectomy group compared to controls but this finding was not significant (28% vs 12%; p = 0.08; Fig. 2) . Moreover, two patients in each group had SIFO alone. Most (61%) grew candida albicans and a smaller percentage (39%) grew Candida glabrata. 
Effects of antibiotic/antifungal treatment on gastrointestinal symptoms
Patients who received antibiotics reported significant improvement in the prevalence and severity of gastrointestinal symptoms when compared to their baseline symptoms, both in the colectomy group (Table 4a) , and in the control group (Table 4b ). The following antibiotics were prescribed for SIBO based on the microbial sensitivity and the patients' allergy profile: Rifaximin, Amoxicillin, Amoxicillin-Clavulanate, Cotrimoxazole, Cephalosporin, Metronidazole, Tinidazole, Ciprofloxacin, Levofloxacin and Tetracycline. Oral Fluconazole and very rarely Itraconazole was given for treatment of SIFO. In the colectomy group, of the 2 patients with SIFO only, one reported 70% improvement and the other no improvement. Likewise, in the control group, of the 2 patients with SIFO only, one reported 33% improvement and the other 50% improvement. During follow up, overall 74% and 69% of patients with SIBO/SIFO in the colectomy and control groups respectively (p = 0.69), reported improvement in symptoms, and on a VAS scale, overall gastrointestinal symptom satisfaction after treatment averaged a rating of 61% for the colectomy group and 42% for controls (0 = very dissatisfied, 100 = completely satisfied).
Discussion
Over a 3-year period, we investigated a consecutive series of patients referred to our tertiary care center with refractory gastrointestinal symptoms including abdominal pain, gas, bloating, distension and diarrhea, following colectomy. In this colectomy group, we found a significant and two-fold higher prevalence of SIBO (62%) when compared to a control group of patients with similar chronic gastrointestinal complaints but without colectomy (32%). We also found significant differences in the type of bacterial flora, with a predominance of aerobic bacterial organisms and fewer anaerobic organisms in post-colectomy SIBO patients when compared to the controls. The duodenal cultures grew a variety of organisms including primarily Streptococcus species, Escherichia coli, Klebsiella pneumoniae and Lactobacilli.
In addition, we found a higher prevalence of small intestinal fungal overgrowth (SIFO) in patients with colectomy when compared to the control patients. The most common fungus that was cultured was candida species. This finding reaffirms recent studies that SIFO is another important component of the small intestinal overgrowth syndromes 19 . A recent article showed that fungus may co-exist and interact with bacteria in the gut and form fungal-bacterial biofilms in the GI tract 20 . Further studies are required to explore the role of fungus in overgrowth syndromes, and in particular whether they are co-pathogens and cause greater morbidity as opposed to either SIBO or SIFO alone.
The glucose breath test is a simple, widely available and non-invasive method of diagnosis of SIBO, and it was positive in 44% of patients with colectomy and 11% of patients without colectomy. Although specific, GBT has low sensitivity for diagnosis of SIBO 6, 8, 16 . Consequently, if the GBT is negative, and there is a high index of clinical suspicion for SIBO, such as in the postcolectomy population, further testing with duodenal aspiration and quantitative culture should be considered. This study further confirms previous observations that duodenal culture has a higher yield for diagnosis of SIBO/SIFO than GBT 8, 16 . All patients diagnosed with SIBO and/or SIFO should be treated with antibiotics and/or antifungals and are likely to benefit symptomatically as observed in our study. Also, the improvement in symptoms of SIBO observed here is similar to those reported in other studies of SIBO treatment with antibiotics such as norfloxacin and rifaximin [21] [22] [23] .
Colectomy combined with ileocolonic anastomosis has become the procedure of choice in the surgical management of colon cancer, refractory constipation, ulcerative colitis, familial polyposis and others [24] [25] [26] [27] [28] . Morphological studies have shown that the adaptation of the terminal ileum to its neorectum function is accompanied by a progressive transformation to a colonic type mucosa 29 . Typically, the bacterial fermentation of both the endogenous mucus and the undigested carbohydrates normally occurs in the large intestine resulting in short chain fatty acids (SCFAs), carbon dioxide, hydrogen, and methane 30 . However, in patients with SIBO, this process occurs prematurely in the small bowel causing gas, bloating, distention and diarrhea, symptoms that are often mislabeled as IBS 31 . The ileocecal valve serves as an important barrier and gatekeeper that prevents reflux of colonic contents into the small bowel. In contrast, conditions that favor low ileocecal valve pressure or loss of the ileocecal barrier, such as following colectomy and construction of an ileocolonic anastomosis, may allow transmigration of bacteria from the colon and predispose patients to the development of SIBO 32, 33 . Can symptoms alone help with a diagnosis of SIBO? Our detailed analyses revealed that no single symptom or clusters of symptoms at baseline could identify patients who have SIBO. Interestingly, patients with SIFO also share a similar set of symptoms as those with SIBO. Furthermore, symptoms alone could not differentiate between patients with or without colectomy at baseline, or between those with positive and negative SIBO/SIFO. Thus, the two groups were well matched for symptom presentation, but symptoms alone were poor predictors for the presence of bacterial and/or fungal overgrowth, irrespective of the underlying predisposing mechanism.
The limitations of our study include the secondary analysis of prospectively collected data and potential referral bias, since all of these patients were evaluated at a tertiary care gastrointestinal motility center. Consequently, our observations may not reflect the prevalence of this condition in the general population. Also, there is no gold standard for the diagnosis of SIBO/SIFO, and our method of aspiration and quantitative culture cannot definitively exclude the risk of contamination of aspirates. However, we have tried to minimize this by using standard sterile techniques, and the procedure was performed by a single experienced operator. Also, we did not repeat the breath test or aspirate after treatment as the study was not designed for this purpose. The treatment with appropriate antibiotics and/or antifungals was based on breath test results, culture positivity, patients' drug allergy profile, and insurance coverage and previous antibiotic use, and not with a single drug, as this was a nonrandomized treatment study. The significant improvement in symptoms however, after antibiotics and antifungals, support the likely causal association with SIBO/ SIFO.
In conclusion, our study demonstrates a significantly higher prevalence of SIBO/SIFO in a cohort of patients with colectomy and chronic unexplained gastrointestinal symptoms. This finding implies that colectomy is a significant risk factor for the development of SIBO/SIFO. Although patients with colectomy had greater baseline severity of symptoms, by themselves they were poor predictors of SIBO/SIFO. Therefore, the use of breath tests and/or duodenal aspirate/culture is essential for confirming a diagnosis of SIBO/ SIFO. Treatment with antibiotics and/or antifungals led to significant improvement of symptoms in these patients.
Study Highlights
What Is Current Knowledge
•
Colectomy is a common surgical procedure. About 40% of patients undergoing subtotal colectomy report persistent gastrointestinal symptoms and an impaired quality of life.
• The underlying cause for these symptoms is unclear.
What Is New Here
The prevalence of SIBO/SIFO is significantly higher in patients with unexplained gastrointestinal symptoms following colectomy when compared to controls.
• Colectomy with ileocolonic anastomosis is a significant risk factor for the development of SIBO/SIFO.
• Symptoms alone are poor predictors of SIBO/ SIFO, and breath tests and/or duodenal aspirate/ culture is key for establishing this diagnosis.
• Treatment with antibiotics and/or antifungals results in significant improvement of symptoms.
